ZFX, an X chromosome-linked gene encoding a zinc-finger protein, has previously been shown to escape X inactivation in humans. Here we report studies of the inactivation status of the homolog, Zfx, on the mouse X chromosome.
Mammalian X chromosome inactivation is a dosage compensation phenomenon that results in the same level of expression of most X chromosome-linked genes in males and females (1, 2) . However, some X chromosome-linked loci have been shown to escape inactivation in humans and in mice. At first this escape from X chromosome inactivation appeared simply to reflect the position of the locus relative to the pseudoautosomal region of the chromosome. Genes that have been shown to escape inactivation in humans were found to be located within (MIC2, which encodes a cell surface antigen; ref. 3) or near (XG, which encodes the Xg blood group; refs. 4-6) the pseudoautosomal region. In addition, the steroid sulfatase gene (STS), also located near the pseudoautosomal region, partially escapes X inactivation in humans (7, 8) , whereas in mice the Sts gene is located within the pseudoautosomal region and completely escapes X inactivation (9, 10) .
More recently, genes located farther away from the pseudoautosomal region of the human X chromosome have also been shown to escape X inactivation. These genes include ZFX (which encodes a zinc-finger protein) in Xp2l.3-22.1 (11) (12) (13) (14) (15) , AIS9 in Xpll.3 (16, 17) , and RPS4X (which encodes the ribosomal protein S4) in Xql3.1 (18) . Clearly, escape from X inactivation is not limited to the most distal portion of the short arm of the human X chromosome. Little is known ofthe inactivation status ofthe corresponding genes in mouse.
Genetic variation between inbred strains of the laboratory mouse and interfertile Mus species has been readily identified as allelic differences at almost every locus examined (19, 20) . This genetic variation can be used to follow the allelic expression of X chromosome genes in heterozygous combinations. Female mice carrying the Searle's translocation, T(X;16)16H (21) (Fig. 1) , exhibit a nonrandom X chromosome inactivation pattern in adult tissue (22) . The normal X chromosome is inactivated in all or most ofthe cells in tissues from adult balanced translocation carriers (22) (23) (24) (25) (26) (27) (28) . This seemingly preferential X chromosome inactivation results, at least in part, from the selective death of cells with incorrect dosage for certain critical genes on chromosomes X and 16 (25, 29) . We have exploited the genetic variation between inbred strains and Mus spretus and the nonrandomness of X chromosome inactivation in mice carrying the Searle's translocation to analyze the expression of the Zfx gene when it is carried on the inactive X chromosome (Fig. 1 
RESULTS
We identified a restriction site variation in the mouse Zfx gene that distinguishes the laboratory mouse C57BL/6J from M. spretus. This genetic difference can be used to discriminate between products of RT-PCR amplification of RNA from the two species. Employing primers from within the coding region of the Zfx message, we amplified a product of 505 bp from total cellular RNA of either species. Upon digestion with EcoRV, the C57BL/6J-derived product yielded bands of 182 and 323 bp, consistent with the presence of a single EcoRV site (at nucleotide 366), as predicted from the known sequence (Fig. 2A, lane 8) . In contrast, the M. spretus product is not digested by EcoRV, in4icating that the restriction site present in C57BL/6J is absent in M. spretus (Fig. 2A, lane 9) .
The restriction pattern of the RT-PCR product from each kidney sample of six T(X;16)16H x M. spretus F1 female translocation carriers (designated hereafter as F1 translocation carrier females) resembles that of the C57BL/6J parent ( Fig. 2A, lanes 2-7) . These Proc. Natl. Acad. Sci. USA 88 (1991) allele on the translocated X chromosome (C57BL/6J) being active and the Zfx allele on the normal X chromosome (M. spretus) being inactive. Additional tissue samples (liver, spleen, brain, and submaxillary gland) from the F1 translocation carrier females also showed the C57BL/6J bands and not the M. spretus bands (Fig. 3) , confirming the inactivation of Zfx on the inactive X chromosome.
As a controf, the expression of the Hprt gene, which is known to be inactivated (38) (39) (40) , was also examined. The Hprt allele from M. spretus is distinguishable from that of C57BL/6J or C3H/HeJ by the presence of a Mae II site in the inbred strains only. Accordingly, the parental RT-PCRs yielded two fragments (511 bp and 93 bp) for C57BL/6J (Fig.  2B, lane 8) and one fragment (604 bp) for M. spretus (Fig. 2B,  lane 9 ). In the F1 translocation carrier females, we found expression only of the C57BL/6J allele with no evidence of any expression from the M. spretus inactive allele (Fig. 2B,  lanes 2-7) , as expected for a gene that is subject to inactivation.
To prove that the M. spretus RNA template could be amplified in the presence of the laboratory mouse RNA template, RT-PCR was carried out by using RNA from C57BL/6J x M. spretus F1 females (not carrying the translocation). The restriction pattern from these chromosomally normal F1 mice has all three bands expected from the presence of both parental alleles of Zfx and of Hprt ( Fig. 2A , lanes 10 and 11 and Fig. 2B, lanes 10-12) , which is consistent with mosaicism for inactivation of the paternal and maternal X chromosomes. However, the intensity of the M. spretus band is lower than that of the C57BL/6J bands for both Zfx and Hprt. This suggests that there may be a skewing of X inactivation in these normal F1 mice, with the inbred strain allele being expressed in a larger proportion of cells than the M. spretus allele, which may reflect the presence of different Xce alleles (X-inactivation controlling element) in M. spretus and C57BL/6J (41) . Alternatively, the differences in band intensities could reflect differences in the efficiencies of amplification of M. spretus and C57BL/6J alleles. that were hybrids between M. spretus and laboratory strains. Based upon these results, we conclude that, like Hprt, the Zfx gene is subject to X chromosome inactivation in mouse.
That the Zfx gene is inactivated in mice is in contrast to the situation in humans where there is no evidence of attenuation of ZFX expression on inactive X chromosomes (11, 14) . (11, 14) . In contrast, in mouse, the expression of the Zfy-1 and Zfy-2 genes is largely restricted to the adult testis (47) (48) (49) , whereas the Zfx gene is expressed in many embryonic and adult tissues (35, 37 (18, 50) , whereas an STS-derived pseudogene is located on the long arm of the Y chromosome (8) .
Finally there may be differences in regulatory sequences of the ZFX and Zfx genes. These sequences may affect the primary onset of X inactivation during embryogenesis or modify the stability of epigenetic changes associated with X chromosome inactivation. Analysis of the genomic structure and sequence of the Zfx locus in mice and the ZFX locus in humans may reveal sequence motifs associated with genes that escape or with genes that undergo X chromosome inactivation.
